The leaf essential oils of five species of Beilschmiedia from Monteverde, Costa Rica (Beilschmiedia alloiophylla, B. brenesii, B. costaricensis, B. tilaranensis, and an undescribed Beilschmiedia species "chancho blanco") have been obtained by hydrodistillation and analyzed by GC-MS in order to discern the differences and similarities between the volatile chemical compositions of these species. The principal constituents of B. alloiophylla leaf oil were germacrene D (18.9%), cis-and trans-β-ocimene (18.8% and 9.3%, respectively), α-pinene (11.8%), and bicyclogermacrene (9.1%). The leaf oil of B. brenesii was composed largely of the sesquiterpenes germacrene D (19.3%), β-caryophyllene (13.4%), α-copaene (9.0%), α-humulene (8.1%), and δ-cadinene (5.8%), and the carbonyl compounds 2-undecanone (12.8%), trans-2-hexenal (8.8%), and 2-tridecanone (3.8%). α-Bisabolol (72.1%) dominated the leaf oil of B. costaricensis, while B. tilaranensis had germacrene D (54.9%), β-caryophyllene (14.8%), and δ-cadinene (5.1%) as major components. Beilschmiedia "chancho blanco" leaf oil was composed largely of β-caryophyllene (16.6%), bicyclogermacrene (14.1%), and α-pinene (12.1%).
Although Beilschmiedia, with perhaps 250 species, is one of the largest genera of the Lauraceae [1] , only a small amount of phytochemical work on this genus has appeared in the literature. The bisbenzylisoquinoline alkaloid dehatrine has been isolated from B. madang from Indonesia [2] ; a number of flavonoids, including azaleatin-3glucuronide, have been found in leaves of B. miersii [3] ; and the leaf essential oil of B. miersii has yielded the phenylpropanoid sarisan [4] . Eleven species of Beilschmiedia occur in Costa Rica (the most for any New World country) [1] . In this paper, we present the chemical compositions of the leaf essential oils of five species of Beilschmiedia from the Monteverde region of northwestern Costa Rica.
To our knowledge, no previous phytochemical investigations on these species have appeared. B. alloiophylla (Rusby) Kosterm. is a large canopy tree of cloud forest, to 25 m tall x 80 cm diameter; leaves simple, alternate and rarely opposite, bunched at twig tips, petiole 1-2 cm, blade to 10 x 18 cm, entire, broadly ovate to elliptic, apex rounded to acute, base obtuse to rounded, 4-8 secondary veins per side, expressed below, sparse fine hairs below; inflorescence axillary, to 20 cm long, much branched; flowers about 4 x 6 mm, yellow-green; fruit to 2.5 x 4.5 cm, shiny black at maturity. Leaves were collected from 1450 m above sea level near Monteverde, Costa Rica (10.3378 N, 84.8226 W).
B. brenesii C.K. Allen is a subcanopy tree of premontane wet forest, mature at 5-10 m tall, to 25 cm diameter; bark dark charcoal; leaves simple, both alternate and opposite, bunched at twig tips, petiole 5-10 mm, blade to 7 x 12 cm, entire, elliptic, apex acute and down-turned, base acute, secondary veins 8-11 per side, flat and inconspicuous below, glabrous; inflorescence axillary, to 10 cm, little branched; flowers white, about 3 mm long x 2-3 mm wide; fruit to 2.5 x 4 cm, oblong, shiny black; seed solitary with a hard coat. Leaves were collected from (10.3059 N, 84.8144 W).
B. costaricensis
Mez & Pittier is a large canopy tree of leeward cloud forest, to 30 m x 80 cm diameter; bark rough textured and cinnamon-colored; leaves alternate, rarely opposite, petiole 1-2 cm, blade to 5 x 15 cm, entire, narrowly elliptic, apex acute to acuminate, base obtuse to acute, secondary veins 4-7 per side, expressed below and yellowish, sparse appressed fine hairs on underside; inflorescence axillary in distal leaves, to 10 cm long, little branched; flowers yellow-orange, about 4 mm long x 3 mm wide; fruit to 2.5 x 5 cm, oblong, shiny black when mature. Leaves were collected from 1420 m above sea level near Monteverde, Costa Rica (10.3454 N, 84.8317 W).
B. tilaranensis Sa. Nashida is a canopy tree of windward cloud forest, to 20 m tall x 50 cm diameter; leaves alternate and opposite, bunched at twig tips, petiole 5-10 mm, blade to 6 x 11 cm, obovate to oblanceolate, entire, apex rounded to acute, base acute to cuneate, often revolute, secondary veins 7-10, expressed and prominent below, underside with a blue-white cast, glabrous; inflorescence axillary, to 7 cm long, little branched; flowers about 3 x 5 mm, white; fruit to 3.5 x 6 cm, elliptic to obovate, shiny black at maturity. Leaves were collected from 1420 m above sea level near Monteverde, Costa Rica (10.3445 N, 84.8317 W).
Beilschmiedia sp. near brenesii ("chancho blanco") is a canopy tree of primary and secondary forest, mature at 10-30 m tall x 20-80 cm diameter; bark gray brown, scalloped in large individuals; twig solid, with small ridges and grooves, dark green, glabrous, woody twigs round with orange-brown bark; leaf buds with dense appressed tan to brown hairs; petiole 5-8 mm, shallowly grooved, curved upward, mild aromatic odor; leaves bunched at twig tips, often with opposite and alternate petioles on same twig, to 5.5 x 13 cm, glabrous, leathery, mostly elliptic to sometimes weakly obovate, tip rounded to short acute, base acute, flat, not V-shaped in cross section, midvein expressed above, reddish below, lateral veins 8-11, nearly straight, short at base of blade, weakly expressed above, expressed below, tertiary veins weakly expressed above and below (especially when dry), without domatia; differs from B. brenesii in that leaf tips are blunt and do not curl downward; fruiting peduncles 2-6 cm, pedicel 1-1.5 cm, fruit to 20 x 35 mm, shiny black; seed to 17 x 32 mm, orange brown, surface rough, shell 1 mm thick, seed pinkish in cross-section. Leaves were collected from 1200 m above sea level at Los Llanos Field Station, Monteverde, Costa Rica (10.3056 N, 84.8370 W).
The essential oil yields are summarized in Table 1 . A total of seventy-one compounds, accounting for 97.1-99.3% of the total compositions of each of the leaf oils are reported in Table 2 .
The leaf essential oil of B. alloiophylla is made up largely of monoterpene and sesquiterpene hydrocarbons (50.5% and 36.9%, respectively), with smaller amounts of oxygenated sesquiterpenoids (9.2%) and fatty-acid-derived compounds (2.7%). The most abundant essential oil components of B. alloiophylla are germacrene D (18.9%), cis-β-ocimene (18.8%), α-pinene (11.8%), trans-βocimene (9.3%), and bicyclogermacrene (9.1%).
The most abundant components of the essential oil of B. brenesii are germacrene D (19.3%), β-caryophyllene (13.4%), 2-undecanone (12.8%), α-copaene (9.0%), trans-2-hexenal (8.8%), α-humulene (8.1%), and δ-cadinene (5.8%). Sesquiterpene hydrocarbons (66.9%) make up the bulk of the leaf oil with fatty-acid-derived compounds (alcohols, ketones, and aldehydes) (27.4%), monoterpene hydrocarbons and oxygenated sesquiterpenoids (3.3% and 1.8%, respectively) making up the remainder.
The leaf essential oil of B. costaricensis is dominated by α-bisabolol (72.1%). There are also smaller amounts of α-bisabololoxide B (1.7%) and β-bisabolene (0.8%). cis-3-Hexenol (5.2%) is also found in notable quantity. Oxygenated sesquiterpenoids (82.0%) make up a large part of the 
18.9 19.3 trace 54.9 6.6 ar-Curcumene [5, 6] and floral [7] essential oils; Persea tilimanensis [8] , Nectandra membranacea [9] , and Lindera benzoin (unpublished results from our laboratory) leaf essential oils; and Cinnamomum zeylanicum fruit essential oil [10] .
The key chemical characteristics of B. alloiophylla are the abundant monoterpenes, which are also common in Beilschmiedia "chancho blanco", but less common in the other Beilschmiedia species. B. brenesii leaf oil is chemically characterized by relatively abundant carbonyl compounds, 2-undecanone, undecanal, and 2-tridecanone, which are not found in the other Beilschmiedia species. 2-Undecanone has been found in Laurus nobilis leaf essential oil [5, 6] , and undecanal has been detected in L. nobilis floral essential oil [7] . The leaf chemistry of B. costaricensis is characterized by bisabolene derivatives, particularly α-bisabolol. Although they do not seem to have signature compounds, the leaf oils of B. tilaranensis and Beilschmiedia "chanco blanco" are rich in sesquiterpene hydrocarbons (85.1% and 58.5%, respectively). Although B. brenesii and Beilschmiedia "chancho blanco" are morphologically similar and occur in similar habitats, the leaf oil chemistry is markedly different between these two species. Beilschmiedia "chanco blanco" has abundant monoterpenes, especially αand βpinene, which are completely absent in B. brenesii. Conversely, the ketones 2-undecanone and 2-tridecanone are found in large quantities in B. brenesii, but are not detected in Beilschmiedia "chanco blanco". Leaves of B. alloiophylla, B.  brenesii, B. costaricensis, B . tilaranensis, and Beilschmiedia sp. "chancho blanco", were collected from mature trees in the Monteverde region of the Cordillera de Tilarán in northwestern Costa Rica. The plants were identified by W. A. Haber. Voucher
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